The global animal production is increasing as expected to meet world demand for food, especially for meat products. This research aimed to investigate the effect of two types of roofs (clay and fiber-cement tiles) in a tropical area on the thermal comfort of farrowing sows and piglets. Twelve sows and forty-eight piglets were observed during summer in the Southeast region of Brazil. Climate variables, thermal comfort and surface temperature (sows and piglets) were assessed. The type of roofs clearly affected the piglets' surface temperature during all studied periods, but the results were not similar in the sows' surface temperature. Temperature and humidity index found was high in the building with fiber-cement tiles. The pen location in the housing also influenced the piglet surface temperature. Controlling temperature fluctuation in piglet housing is crucial; therefore, providing adequate rearing environment in tropical condition might help pig productivity as well as farmer profitability.
INTRODUCTION
The demand for global food has increased the investment in agriculture in several countries. To meet the demand for protein animal, the production process has explored different types of production systems that represent a balance between animal welfare, rural productivity and costs of production. The intensive systems of pig production require planning for each phase of production, such as breeding, farrowing, weaning and finishing especially in tropical conditions. Brazilian weather conditions imply a difficult indoor condition to livestock production (RENAUDEAU et al., 2012) . Global animal production in tropical and subtropical areas showed an increased during the last 20 years (RENAUDEAU et al., 2012; ZHANG et al., 2012) . Brazilian swine production is mostly concentrated in the tropical and subtropical regions of the country. The three main Brazilian regions are South with 50%, Southeast with 18% and Midwestern with 13% (BRAZILIAN ASSOCIATION OF ANIMAL PROTEIN, 2015) . The hot climatic condition is the main limiting factor of pig production and performance. Acute or chronic heat stress lead to high mortality and low yield during swine production process (RENAUDEAU et al., 2012) .
The planning of pig production facilities should consider several conditions inherent of the animal characteristics aiming the maximum performance during the production process. Adequate spacing, walls height, flooring area, air quality, adequate water and food supply, are examples of some criteria to assure good animal performance mainly in tropical areas (BAXTER et al., 2011; ZHANG et al., 2012; FRASER et al., 2013) . Farmers are always willing to reduce building costs and construction time, and sometimes some building materials used are not appropriate to swine production. The roof material plays an important role in tropical countries due to the solar energy input through the roof. This variable directly affects the pigs thermal comfort during all production stages particularly in the farrowing phase, as sows and piglets show different biological needs. As suggest by BAXTER et al. (2011) the agricultural practices should be based on biological needs to adopt the appropriate design criteria for farrowing and lactation system, and to provide proper welfare for both. Providing thermal comfort in farrowing is mostly challenging for farmers because Sows and piglets thermal comfort: a comparative study of the tiles used in the farrowing housing Eng. Agríc., Jaboticabal, v.36, n.6, p.996-1004 Jaboticabal, v.36, n.6, p.996- , nov./dez. 2016 997 farrowing sows and piglets required different temperature levels. Temperatures of 16 to 25 °C are most comfortable for sows while temperatures as high as 32 °C are comfortable for piglets (DONG et al., 2001) . Building materials used in floor, walls and roofs can facilitate reaching the thermal comfort control to sows and piglets. Roofs and walls used in the rural building are the main surfaces to protect animals from sun radiation. The tiles used in roofs of farrowing buildings are usually gray fiber-cement tiles, colonial clay tiles, and French clay tiles (ABREU et al., 2011) . The animals productivity depends on the thermal comfort, and ultimately to animal welfare. The fiber-cement tile is usually used in rural building for animals due to be easy to handle and low cost (SHIRAKAWA et al., 2014) .
Livestock production is a complex task, and it involves many variables that interact with the animal. It is essential to understand the animal, the physiological and behavioral needs, and the adaptive biological process (genetics, acclimatization, habit, and conditioning) when adopting a proper housing system based on the biological needs (BAÊTA & SOUZA, 2010; BAXTER et al., 2011) . The animal under aversive environment shows a stressful response and present unnatural behavior. According to FRASER et al. (2013) , the animal behavior is affected by the environmental quality and the quantity of the space. Animals have many types of response to adapt and survival under an aversive condition. The adaptation is defined as the animal ability to adjust their system to environment condition saving their reproductive and growing rate, showing a minimum loss in live weight and mortality rate, and disease resistance (BAÊTA & SOUZA, 2010) . Thus, the coordinated expression representing the sows and piglets, as well as their interaction with the housing environment, is essential to reduce mortality rate in farrowing (BAXTER et al., 2011) .
The assessment of whether the housing environment is appropriate to the animal and provides proper welfare conditions is a challenge. There are some techniques used in livestock production, more or less invasive. For instance, the thermal comfort can be assessed using an index value that represents the influence of heat exchange using a physiological measurement (rectal, cloacal and skin temperatures, and respiratory rate) (RENAUDEAU et al., 2012) .
The present study aimed to investigate the differences in the thermal comfort of farrowing sows and piglets housed in two types of roofs, of clay and fiber-cement tiles.
MATERIAL AND METHODS
The present study was conducted during the summer in February 2015. The observation field is located in Southeastern Brazil with 20°50'56''S latitude, 41°06'46''W longitude, and 21 m of altitude. The average of the outdoor air temperature was 29.1 °C, and relative humidity (RH) was 54%. The climate with tropical characteristics shows two distinct seasons, dry from AprilSeptember and rainy from October-March (INSTITUTO CAPIXABA DE PESQUISA, ASSISTÊNCIA TÉCNICA E EXTENSÃO RURAL, 2015).
Animals, husbandry, and observation procedures
A total of 12 sows and 48 piglets (a hybrid from Landrace and Large White genetic strains) were observed during the morning (9h00min < 10h00min, 10h00min < 11h00min and 11h00min < 12h00min). A data logger (Testo model 174H, Testo AG, Lenzkirch, Germany) was installed in the geometric center of the farrowing pen to record the variation of air temperature (Ta) and relative humidity (RH) every five minutes (MCGLONE et al., 2014) . The sows' surface temperature (SST) and piglets' surface temperature (PST) were assessed using a thermal infrared camera (Testo model 875, Testo AG, Lenzkirch, Germany). The thermal images were registered in three stages, as follows 1 = started at 9h00min and concluded at 9h30min; 2 = started at 10h00min and concluded at 10h30min; and 3 = started at11h00min and concluded 11h30min).
In the present study, we consider two types of roofs (clay tile and fiber-cement tile). The position of the sows in the observed pens is shown in FIGURE 1. Treatments: C = Clay and F = Fiber cement
West FIGURE 1. The position of the sows (#) and piglets (+) in the observed pens.
The following variables were analyzed: sows' surface temperature (SST), piglets' surface temperature (PST), air temperature (Ta), relative humidity (RH), and temperature-humidity index (THI). The average value of surface temperature on the sows' body (40 points distributed along the sows' body) and on piglets' body (20 points distributed along the piglets' body) was adopted to calculate the sows and the piglets surface temperature (SST and PST) (FIGURE 2). FIGURE 2. Thermal infrared image of the sows and the piglets in the farrowing pen. The emissivity of the pig skin surface = 0.95 (SOERENSEN et al., 2014) .
To measure the temperature humidity index (THI), [eq. (1)] was applied, as proposed by BUFFINGTON et al. (1982) .
(1) where, Ta = air temperature (° C), and RH = relative humidity (%).
Statistical analysis
A normality test was applied to all registered variables. The sows'surface temperature and piglets (SST and PST) was analyzed using the ANOVA. The air temperature (Ta), relative humidity (RH) and temperature humidity index (THI) were analyzed using GLM (General Linear Models). The correlation test was applied to identify the relation between the sows'surface temperature and piglets with THI. Tukey test was applied to mean values of the registered variables using a significance of 95%. The SAS procedures PROC UNIVARIATE, PROC ANOVA, PROC GLM and PROC CORR, were applied to data (STATISTICAL ANALYSIS SYSTEM, 2014).
Sows and piglets thermal comfort: a comparative study of the tiles used in the farrowing housing Eng. Agríc., Jaboticabal, v.36, n.6, p.996-1004 Jaboticabal, v.36, n.6, p.996- , nov./dez. 2016 To assess the thermal comfort of piglets and sows the mathematical models, eqs. (2) and (3) were applied: 
RESULTS AND DISCUSSION
The variables Ta, RH, and THI differed (p < 0.05) in relation to the building with clay tile and fiber-cement tile. The THI with the fiber-cement tiles was higher (1.0) than that of the clay tile. The result is in agreement with SARUBBI et al. (2012) , who found an increase on THI of 3.0 in pigs reared under building using the roof of fiber-cement tiles, compared to clay tile during spring. In the present study, the variation of the Ta from clay tile was 3.0 °C and RH 9.5%. The fiber-cement tiles showed a change of Ta of the 3.6 °C and RH was 4.9% (TABLE 1) . The higher the moisture in the material, the higher the thermal conductivity influencing the temperature range (AL-HOMOUND,  2005) . The fiber-cement tile indicates that an extreme discomfort in the summer or hot period can occur. It is then recommended that building using fiber-cement tiles should have a layer of coating to mitigate the sun radiation and improve thermal comfort (SHIRAKAWA et al., 2014) .
The heavier the pigs are, the more they are susceptible to heat stress due to a lower ability to dissipate heat (RENAUDEAU et al., 2012) . GRANDIN (2013) alerts that heavy pigs under environment above 27 °C of temperature and 80% of relative humidity are in critical condition. The thermal comfort in the farrowing pens is a challenge that involves balancing of biological needs of the sows and piglets, as well as to meet the thermal requirements of the piglets while safeguarding sow comfort (BAXTER et al., 2011; CALDARA et al., 2014) . Heat stress is the primary source of losses in pig production due the animal's responses to the variation of climate condition that they are exposed (RENAUDEAU et al., 2011) . The fiber cement tile showed an average of sows' surface temperature of more 0.79 °C than the clay tile for the period analyzed. We observed a variation of the SST of 1.96 °C (0.65 °C h -1 ) and 1.71 °C (0.57 °C h -1 ) for clay and fiber-cement respectively. Also, the average of PST was 0.97 °C for fiber-cement tiles, and the variation was 1.45 ºC and 0.53 °C for clay and fiber cement tiles, respectively (TABLE 2). Although the piglets showed an average of surface temperature higher than the sows, the variation was small. These variations of surface temperature were influenced by the air temperature and RH gradients that were present during the analyzed periods. Many studies present concerns regarding the impact of heat stress on sows' productivity (DONG et al., 2001; BLOEMHOF et al., 2008; BAXTER et al., 2011; RENAUDEAU et al., 2012) . A previous study by WILLIAMS et al. (2013) indicates that despite the sows were in heat stress and had reduced feed intake, the effect on piglet performance was small, as the condition did not impact on the sows' milk production. Reducing feed intake under heat stress is considered an adaptation response of the pigs to reducing heat production and it has a direct adversnegative effect on growth performance (RENAUDEAU et al., 2011) . However, cold weather temperature and wind chills can be dangerous to pigs' production (GRANDIN, 2013). The suggestion to pig production based on animal welfare principles is to adopt environmental system control independent of the climate condition of the region of hot or cold weather. For each degree of temperature increase (Ta) in the farrowing pen with clay tile, an increase of 0.26 °C and 0.77 °C was observed at the surface temperature of piglets (PST) at 10h00min and 11h00min, respectively. In the farrowing pen with fiber-cement tiles, the values were 0.15 and 0.19 °C, respectively. In addition, the sows'surface temperature (SST) showed an increase of 0.66 and 0.61 °C for each Ta increase in the farrowing pens with clay tile, and 0.60 and 0.51 °C in the farrowing pens with fiber-cement tiles at 10h00min and 11h00min, respectively. After three hours, the SST showed an increase of approximately 2 °C and the PST of 1.5 °C in the pens with clay tile, and 1.7°C and 0.5 °C in the pens with fiber-cement tiles, respectively (FIGURE 3). These results agree with CALDARA et al. (2014) , that identified the direct influence of the ambient on piglet body temperature.
According to preceding study, WILLIAMS et al. (2013) , the heat stress occurs when the ambient temperature exceeds the upper critical temperature (UCT) of the sow's thermal-neutral zone. In the current study, the THI increased 2.37 under clay tile (average 79) and 3.37 under fiber cement tile (average 82) during the studied stages. BARBARI & CONTI (2009) suggest that producers should have special care with THI values above 75 and within the range of 79 to 83 that represents a critical condition for pigs. Following the recommendation in this past study by BARBARI & CONTI (2009) , sows and piglets are thermally uncomfortable in both rooms (clay and fiber-cement tiles), and this condition is critical to pig production. THI values for pigs were estimated during spring in an environment with clay (73 ± 4.0) and fiber-cement tiles (76 ± 4.0) (SARUBBI et al., 2012) . In the present research, just pigs reared in pens with clay tile were in thermal comfort. Although, BLOEMHOF et al. (2008) defined UCT as the temperature above that reproductive performance declines, and the authors estimated the UCT for sows during the breeding period to be around 20 °C. Studying the sows' performance in moderate climate WEGNER et al. (2014) showed a summer average farrowing pen temperature, RH and THI of 23.8 °C, 66 % and 69 respectively. When sows are comfortable, the intake energy is used for the production of milk and fat tissue (RENAUDEAU et al., 2012) . The temperature-humidity index showed a positive correlation with the sows and piglets' surface temperature for the analyzed period. The correlation of THI with SST at 9h00min was high (p <0.05), as well as with PST at 9h00min and 10h00min (p < 0.01); and at 11h00min (p < 0.05) (TABLE 3). In the pig's productive process, the control of environmental temperature related to the extreme weather is vital for achieving the animal thermal comfort (FRASER et al., 2013) . The proper rearing environment leads to good welfare condition and contributes to pig homeostasis (BAÊTA & SOUZA, 2010). However, FRASER et al. (2013) indicate that not only the weather condition might be controlled, but also other variables related to pigs health (diseases and parasites). In some cases, the use of ventilation systems is needed to modify the environmental condition near the sows, providing a proper area for the piglets to the group when they feel cold (BAXTER et al., 2011; WEGNER et al., 2014) . WEGNER et al. (2014) observed that rearing temperature was associated with the number of weaned piglets. Animals under tropical and sub-tropical areas that are exposed to chronic heat stress presented reduced performance, when compared to animals reared under moderate heat conditions, and acute exposure in a short-term (BAÊTA & SOUZA, 2010; RENAUDEAU et al., 2012) . A pig farmer in tropical areas may alleviate sows heat stress by providing appropriate cooling devices during the lactation period (WILLIAMS et al., 2013) .
Considering the solar orientation (East-West at 9h00min, FIGURE 1) a difference of 0.76 °C on the surface temperature of piglets located on the right side of the pen (S5/S6) was found. A difference of 0.32 °C was observed in the surface temperature of the piglets situated on the right side of the pen (S5/S6) to the center (S3/S4). A total of 0.44 °C in the surface temperature of the piglets was found in those located in the center on the left side of the pen (S1/S2). At 10h00min it was noticed a decrease on PST (0.73 °C, from S5/S6 to S1/S2) and 1.11 °C (from S5/S6 to S3/S4). It was also found an increase of 0.38 °C (from S3/S4 to S1/S2). At 11h00min it was found an increase of 0.22 °C in the surface temperature of the piglets (from S5/S6 to S1/S2) and 0.35 °C (from S3/S4 to S1/S2), a decrease of 0.12 °C in the surface temperature of the piglets located in S5/S6 to S3/S4, as seen in TABLE 4. The variation of temperature in the different location of pigs in the observation field is necessary to identify the heat point and to create strategies to alleviate the heat stress of pigs. In the present study, we determined that the sun direction in the morning (sun rising) to the afternoon (sunset), increased the pigs surface temperature that were in the places at the right side of the building, more than in the pigs at the center or the left side, as well as the sun moving changed the surface temperature of pigs across the hours (from 9h00min to 11h00min). Therefore, providing natural or artificial shading for pigs located near the direct solar radiation incidence might improve the thermal comfort and productivity. Despite the effect of rearing temperature on pig performance identified by RENAUDEAU et al. (2011) , the authors observed that the genetic potential plays a significant role in pig production.
Confined rearing environment should allow comfortable resting, safe and movement to perform behaviors of their natural repertoire (FRASER et al., 2013) . In the tropical condition, reared animals are usually subjected to temperature fluctuation throughout the day and across the days (RENAUDEAU et al., 2011) , that constrains pigs physiological and behavior performance. In China, pig intensive production is concentrated in the South and Southwest regions, where the mean outside air temperature is typically 36.0 °C, and the relative humidity is 75% in the afternoon, during the hottest month (DONG et al., 2001) . In this region, some farmers suspend the activity during the hottest months to avoid economic loss. Even in the countries of North America, Australia and Europe located in temperate zones, during the hot summer months, the heat stress is a challenge. In this period, there is an increase in mortality, reduced performance, impacting in economic losses and lack in animal welfare (RENAUDEAU et al., 2012) . Health problems also are related by ZHANG et al. (2012) , due to the appearance of common diseases in intensive pig production under tropical and subtropical condition.
Heat waves during summer in Southern Europe has been more frequent, leading to significant losses in productivity (BARBARI & CONTI, 2009 ). Traditionally, farmers had adopted the ventilation system, and they had utilized the source of the natural ventilation. Several studies suggest cooling strategies to provide thermal comfort for pigs, mainly for gestating and farrowing sows (AL-HOMOUND, 2005; BARBARI & CONTI, 2009; RENAUDEAU et al., 2012) . Cooling systems have been used more often in chicken production than in pig production, in Brazil. According to AL-HOMOUND (2005) , the appropriate cooling equipment for animal production requires a large use of energy. Also, the thermal performance of the system depends on the buildings heat exchange characteristics (AL-HOMOUND, 2005) . In rural housing under tropical climate, the roofs are the main part receiving the direct solar radiation. Increasing the roof reflectivity might be an efficient way to reduce the effects of solar radiation in the internal environment (SHIRAKAWA et al., 2014) .
CONCLUSIONS
Despite the type of roof, it did not affect the sows' surface temperature at 10h00min and at 11h00min, the influence of the climate condition (Ta and RH) in the rearing environment was
